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Abstract
THE RELATIONSHIP BETWEEN CHEMICAL LEAVENING AGENTS
AND THREE GASTRIC INDICES IN RATS SUBJECTED
TO RESTRAINT STRESS
by Holly E. Bartelmann

Male Sprague-Dawley rats fed diets of enriched yeastleavened biscuits had no discernible advantage over those
fed enriched chemically-leavened biscuits in three gastric
indices studied,

Restraint-stress administered to half of

each dietary group was ineffectual in producing gastric
ulcers, but did produce gastric color and appearance changes
in fifty-eight per cent of the group receiving the chemicallyleavened diet.
Thiamin and riboflavin-retention analyses done on various
baked products produced conflicting results,

Yeast-leavened

products retained less thiamin and riboflavin than chemicallyleavened products, but which chemical leavening agent was
best for vitamin retention was different for each vitamin.
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Chapter I
Introduction

This study was designed to determine if there are any
injurious effects of chemical leavening agents as part of
the diet on the stomachs of laboratory rats,

Based on a

collection of statements by White (l), it was thought that
such foods would cause some type of inflammatory effect,
which could be measured and evaluated.
If sodium bicarbonate has a harmful effect on the
stomach, why is it in common use as an antacid?

If baking

soda and baking powder are detrimental to the body, why is
not yeast used instead?

If chemical leavening agents can

destroy B vitamins, especially thiamin and riboflavin, will
yeast leavening be an improvement?
The objective of the study was to prove (or disprove)
these hypotheses:
1)

Chemically-leavened baked products will cause
gastric ulcerations in laboratory rats.

2)

Yeast-leavened baked products will not cause
gastric ulcerations in laboratory rats.

3)

Yeast-leavened baked products will retain more
thiamin and riboflavin than chemically-leavened.
baked products.
1

Chapter II
Review of the Literature

Chemical leavening agents containing sodium bicarbonate,
namely baking soda and baking powder, have not been exten
sively studied in reference to impact on the health of
animals or humans.
The process of leavening began with the Egyptians, who
used yeast or bacteria to raise their dough,

Their methods

were continued by the Greeks, and later the Romans.
the Romans

After

leavening became common, and has been continued

to the present. (2)
Baking powder was first developed in the United States
in 1850.

Early patents called for mixing charred bones,

sulfuric acid, and bone ash for the preparation of monocalcium phosphate.

This became the acid component, and was

sold with a separate package of bicarbonate of soda,

The

housewife was to use one part of soda to two parts of acid
for baking. (2)
By 1878, burnt alum began to be used as the acid
reacting component of baking powder, replacing the more
expensive cream of tartar,

Today, most baking powders

contain a combination of sodium aluminum sulfate and calcium
acid phosphate, in addition to filler and sodium bicarbonate.
2
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In the 19^0's, researchers discovered, that the alkaline
residues from baking powder destroyed thiamin in baked
products such as biscuits and muffins. (3-7)

This destruc

tion is not as great if the acid and alkaline components of
a recipe are balanced to perfectly neutralize each other.
Thiamin is destroyed only if excess baking soda remains in
a product, which also causes unpleasant taste due to high
alkalinity.
Although alkalinity definitely destroys vitamin
the only ’’nutritional improvement” made after the discovery
was a change in part of the filler. (8)

Starch, which had

been used exclusively until that time, was mixed with cal
cium carbonate.

This mixture was found to have no greater

destructive effect on thiamin than did starch alone.
Chemical leavening agents have been suspected as a
cause of gastric problems.

Indeed, Adams et al. (9) studied

the effect of NaHCO^ on gastric secretion in dogs , and
concluded that NaKCO^ causes the stomach to empty more
rapidly and to secrete more acid than usual.

On the other

hand, Gamble et al. (10) studied the effect of NaHCO^ on
the incidence of esophagogastric ulcers in swine,

They

found that NaHCO^ in the diet did not change the number or
severity of this type of ulcer.
Various treatments for gastric ulcers in man have been
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proposed and studied.

One of these is the continuous

administration of milk and NaHCO

3*

A London hospital group

(ll) studied the efficacy of this method, and reached several
conclusions.

Relief from pain was immediate, marked alkalo

sis developed, and adverse symptoms were few and insignifi
cant.

However, Ogle et al. (12) induced gastric ulcers in

rats by stimulation of the vagus nerve, then perfused the
stomachs with NaHCO^ solutions.

This intragastric perfusion

completely failed to prevent this type of ulcer.
NaHCO^ has been used in chicks as a mild laxative.
Witter (13) found that concentrations greater than 0.6^
produced severe damage to the kidneys, which is similar to
human gout.
Deficiencies of various vitamins, when combined with
stress, produce gastric ulcers,

Kim and Lambooy (l4) studied

riboflavin deficiency and gastric ulcer production.

They

used a type of rocking stress, which has no effect on
normally-nourished rats.

Riboflavin-deficient rats, however,

will develop gastric ulcers in response to rocking,

On the

other hand, Thayer et al. (15) studied pyridoxine deficiency
in rats and found an opposite effect,

This deficiency inhibits

restraint-induced gastric ulcers in these animals.
Restraint or immobilization-stress causes gastric
ulcers in rats (16-23), a fact which has been known since

Chapter III
Methods and Materials

Male Sprague-Dawley rats weighing approximately 90 grams
at the beginning of the study were used,

They were main-

tained throughout the research in the Animal Care Facility.
They were fed and maintained for three weeks.
The experimental diet consisted solely of enriched
biscuits containing baking powder and baking soda as leaven
ing agents.

The control group's diet consisted solely of

enriched biscuits containing yeast as a leavening agent.
Recipes for the biscuits are located in the Appendix.
The last eight days of the research, half of the animals
were stressed by immobilization in plexiglass restraint
cages for a period of
tive days.

hours per day, for eight consecu

The restraint cages were designed for an earlier

study done at Loma Linda University. (25)

This 2-§- hours of

stress was chosen as an appropriate amount of stress because
Kvetnansky et al. (27, 28) observed a significant change in
urinary and adrenal catecholamine excretion as a result of
this type and duration of stress.

(Precedent

LLU thesis of

Leslie Harper Richards, page 11.)
On the last day of the research, all animals were to be
fasted for two hours.

After this fast, the animals were
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euthanized by decapitation.

The stomachs were opened, and

samples of their contents aseptically removed for plating
for microflora.
pH.

Samples were also taken for measurements of

The stomachs were rinsed with normal saline, pinned to

a background which contained two millimeter-sticks at right
angles to one another, and photographed for future measure
ments of any ulcerations.
In summary, the four experimental groups used were as
follows:
Group 1 - Yeast-leavened diet, No Stress
Group 2 - Yeast-leavened diet, Stress
Group 3 - Chemically-leavened diet, No Stress
Group 4 - Chemically-leavened diet, Stress
There were 12 or 13 animals in each group,

In each group,

five animals had gastric contents plated serially for
microflora.

The plating was done on both Sabouraud Dextrose

agar and Brain Heart Infusion agar, in serial dilutions of
1s10, 1:100, 1:1,000, 1:10,000, and 1:100,000.

The dilutions

were made using Butterfield's Sterile Phosphate Buffer
Solution. (26)
Section II of this study involved the analysis of five
types of cornbread and three types of biscuits, each prepared
with different types of leavening,

All the baked products

were dried in a food dehydrator, and ground into crumbs in a

8

food processor.
These dried crumbs were used for three laboratory
tests :

pH, analysis for thiamin and analysis for riboflavin.

The analysis for pH was done according to Method 14.022 in
the Association of Official Analytical Chemists (AOAC) Handbook, 1980 edition.

The thiamin analysis was done using

Methods 43.024 through 43.038 in the AOAC Handbook,

The

riboflavin analysis used Methods 43.039 through 43*043 in
the AOAC Handbook.

Chapter IV
Results

The purpose of this study was to assess the effects, if
any, of type of leavening used in a baked product and stress
on gastric pH, microflora and erosions in rats, and. also to
measure the effect of leavening agent used in a baked product
on pH, retention of thiamin and retention of riboflavin.
Male Sprague-Dawley rats, weighing approximately 90 .
grams at the beginning of the study, were divided into four
groups.

Group 1, containing 13 rats, was fed a diet of

enriched, yeast-leavened biscuits, and not subjected to
stress.

Group 2, containing 13 rats, was fed the same diet,

and also subjected to a 2-| hour per day restraint stress for
the final eight days of the study.

Group 3, containing 13

rats, was fed a diet of enriched biscuits leavened with
baking powder and baking soda, and not subjected to stress.
Group 4, containing 12 rats, was fed the same diet as Group
3, and also subjected to a 2j hour per day restraint stress
for the final eight days of the study.
After three weeks of feeding, and for some, eight days
of stress, all the rats were weighed and then euthanized by
decapitation, and their stomachs removed.

At this time,

either pH of stomachs was determined , or serial dilution

9
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plating for microflora was done for all animals.

All the

stomachs were photographed against a background containing
two millimeter-sticks at right angles to one another for
future measurement of any gastric erosions.
The first result of interest was that of weight gain.
(Table I)

The rats in Groups 3 and

receiving the diet

leavened with baking powder and baking soda, gained signifi
cantly more weight than those receiving the yeast^leavened
diet (p < 0.001).

Table I
Average Weight Gain of Rats, by Groups

Group

n

1
2

13

3
4

13
13
12

Avg. Wt.
3-3-80,
in grams

Avg. Wt.
3-24-80,
in grams

93.46
93.85
93.69
93.33

104.92
104.38
131.77
123.17

Mean,
grams
12.38
11.10
40.?4
32.14

Std. Dev.
5.27
10.67

14.35
9.50

The pH of rat stomachs was shown not to be effected by
type of leavening used.

(Table II)

11

Table II
Mean pH of Rat Stomachs, by Groups

Group

n

Mean -pH

Standard Deviation

1
2

13
13
13
12

3.19
3.21
3.26
3.69

0.722
0.516
0.610
0.842

3
4

The microflora grown from gastric contents showed no
significant differences with regard to type of leavening.
(Table III)

Table III
Mean Log Microflora, by Groups

Group

n

log BrainHeart Infusion

1
2

13
13
13

2.7798
2.5872
3-. 6419

3

Log SabouraudDextrose
3.2389
2.5056
2.1691

To precipitate any gastric erosions which might result
from either of the experimental diets, a restraint-stress
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was administered to half of each dietary group.
measurable erosions were observed.

No actual

However, there was a

significant difference between the appearance of the stomachs
of those eating the chemically-leavened diet and those eating
the yeast-leavened diet.
The rats eating the yeast-leavened diet all had pale
pink-colored stomachs.

Those eating the chemically-leavened

diet showed some variability in appearance.

(Table IV)

Some stomachs in this group were of a mottled, dark red color,
and there was a significantly higher number of these in the
group which had been stressed, p = O.OO67.

Table IV
Appearance of Rat Stomachs

Group

n

Leavening

1
2

13

Yeast
Yeast
Chemical
Chemical

3
4

13
13
12

Variable
non-stress
stress
non-stress
stress

No. of Red
0
0
1

7

Section II of the study considered the effect of
leavening agent on pH, retention of thiamin and retention of
riboflavin in baked products.

Initially, five types of
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cornbread and three types of biscuits were prepared and
analysed for pH. (Table V)

This analysis was instrumental

in choosing the ingredients of the experimental diet for
the rats.

Once biscuits had been chosen, the baking powder/

baking soda combination was selected because it's pH was the
highest of the choices.

Table V
pH Value of Various Biscuits and Cornbreads,
by Leavening Agent

Cornbread
Yeast
Baking
Baking
baking
Baking
Air

pH
6.2

powder
powder &
soda
soda

6.7
6.58
6.7
6.4

Biscuit

pH

Yeast
5.7
Baking powder 6.47
Baking powder
& baking soda 7*3

After this test, two of the cornbreads, those leavened by
baking soda alone and air, were eliminated from the study.
This was done because there were no biscuit recipes available
which used similar types of leavening for comparison,

All

the data on thiamin and riboflavin retention was done using

14

only three leavenings and/or combinations:

yeast, baking

powder, and baking powder and baking soda.
The type of food analyzed, either biscuit or cornbread,
had a significant effect, p = 0.026, on how much thiamin
was retained. (Table YI)

Generally, the cornbreads retained

more thiamin than the biscuits.

Table VI
Thiamin Retention of Various Breads,
by Leavening Agent

Food

Leavening

n

Mean, in
mcg/5 ml

Std. Dev.

Cornbread

Yeast
B. powder
& B. soda

11

0.3691

O.O838

10

0.6680

0.1158

B. powder

6

0.8317

0.2120

Yeast
B. powder
& B. soda
B. powder

6

O.5267

0.0987

6
6

0.4133
0.5867

0.1080

Biscuit

0.1223

pH, when analyzed as a co-variate in this study, was an
important factor,

Products with lower pH values retained

significantly more thiamin, p = 0.002, than those with higher
pH values.
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The type of leavening used had definite effects on
thiamin retention.

The retention in products leavened with

baking powder was significantly greater, p < 0.001, than in
products using other types of leavening.

Since the pH of

the yeast-leavened products was the lowest, it would seem
that they should have shown the highest thiamin retention.
The food products were also analyzed for riboflavin
retention. (Table VII)

Table VII
Riboflavin Retention of Various Breads,
by Leavening Agent

Food

Leavening

n

Mean, in
mcg/ml

Cornbread

Yeast
B. powder
& B. soda
B. powder

3

0.1077

0.0025

3
3

0.1480
0.0840

0.0382
0.0185

Yeast

3

0.0973

0.0121

B. powder
& B. soda
B. powder

3
3

0.1110

0.0082

0.0907

0.0057

Biscuit

Std. Dev.

Contrary to the results of the thiamin analysis, there is no
significant difference between cornbread and biscuits where
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riboflavin retention is concerned,
analyzed as a co-variate

Similarly, pH, when

showed no additional riboflavin-

retaining effects if it was high or low.
The type of leavening was the only variable studied
which showed an effect on riboflavin retention,

Riboflavin

was retained significantly better, p = 0.004, in the products
leavened with baking powder and baking soda, than in the
products leavened with yeast or with baking powder alone.

Chapter V
Discussion

The great difference in weight gain of the rats can
have two possible explanations.

There may have been discrep

ancies in the diets which increased the gustatory appeal of
the chemically-leavened products.

Secondarily, it may be

due to differences in nutrient and/or protein content of the
two diets.
Regarding the lack of significant differences in gastric
pH of the rats, the euthanasia lasted approximately 16 hours
from beginning to end.

The length of time required was

unforeseen, and resulted in all the animals undergoing a much
longer fast than the two hours originally intended,

It is

possible that the long fast resulted in greatly similar pH
values by obscuring very small differences.
The gastric microflora were investigated only as a
potential source of information,

Due to the extremely low

gastric pH, possibly not many bacteria normally are able to
live there.

Since the pHs became similar, perhaps the

resident microflora did too.

At least, the diets used in

this study did not raise the pH enough to change the microfloral environment significantly,

Further studies of this

topic could, probably eliminate this subject from their study
17
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and concentrate on more promising areas.
Regarding the absence of discernable gastric erosions,
it is possible that a longer period of study was required.
It is also possible that the period of restraint-stress used
Thirdly, the

was not long enough to precipitate erosions,

chemically-leavened diet used in this experiment may not
have been harmful enough to cause actual erosions, even
with stress-precipitation,

It did cause a significant change

in color and appearance of a proportion of the rats' stomachs,
and this may be an area for further research.
A pilot study would have helped in this study, and
perhaps this study can be considered a pilot study for
future research on this subject.
Section II of the study produced a great variety of
conflicting results,

The thiamin-retention analysis would

implicate baking powder as the best leavening agent to use,
while the riboflavin data implicates a baking powder/baking
soda combination.

In both cases, chemically-leavened products

appear to retain more B vitamins than yeast-leavened products.
Other research (3-7) has shown consistantly that the B
vitamins are destroyed in an environment of excess alkalinity
such as that in the chemically-leavened food products used
in this study.

It now seems probable that

the sample sizes

for these analyses were too small, and additional analysis is
recommended.

Chapter VI
Summary

Male Sprague-Dawley rats were fed diets of enriched
biscuits, leavened either chemically or with yeast, for
three weeks.

A restraint-stress was administered to half of

each dietary group during the last eight days of feeding, for
2-g- hours per day.

After euthanasia by decapitation, gastric

pH, microflora and ulcerations were studied.

The yeast-

leavened diet showed no advantage over the chemically-leav
ened diet with regard to pH and microflora.

None of the

animals developed ulcers; however, 58^ of the group receiv
ing the chemically-leavened diet and stress had gastric color
and appearance changes.

Further study could be done on the

biological and physiological causes and significance of
these changes.
Thiamin and riboflavin-retention analyses were done on
three types of cornbread and three types of biscuits.

Yeast-

leavened products retained less thiamin and riboflavin than
chemically-leavened products, but which chemical leavening
agent was best for vitamin retention was different for each
vitamin.
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Appendix
Recipes

Experimental Diet

2 c. flour (230 g)
1-| t. baking powder (4.5 g)
i t. baking soda (1.5 g)

1 t. salt (5-5 g)
1 T. "killed” yeast (7 g)
l/3 c. hydrogenated vegetable shortening (66 g)
3/4 c. buttermilk (184 ml)
Bake at 450° F. for 10 - 15 minutes

Control Diet

2 c. flour (230 g)
t. salt (2.5 g)
l/3 c. hydrogenated vegetable shortening (66 g)
l/3 c. water (?6 ml)
i t. sugar (2 g)
IT. active dry yeast (7 g)
l/3 c. water (76 - 118 ml)
Bake at 425° F. for 10 - 15 minutes
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In addition, each diet had vitamin mix (2.2$ of total diet),
mineral mix (4.0$ of total diet), and cellulose (1$ of total
diet) added to it.
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